Conventional wet gas separators are used as a means to remove free water using the gravitational settling and momentum principle. However, these separators possess setback in terms of its efficiency. Alternatively, supersonic compact wet gas separators have been designed in Universiti Teknologi PETRONAS Gas Separation Research Center (UTPGSRC) which uses supersonic flow to separate natural gas and free water. In its preliminary design, determination of the flow behavior according to the design of the separators is important. The result provides information whether the design can be accepted or improvement should be taken into consideration. It is therefore an objective of this paper to numerically simulate and analyze the flow characteristic such as velocity, pressure and temperature distribution correlating with the separator design. From the flow performance results obtained, it shows that the separator design has fulfilled the requirement.
Introduction
Supersonic separators have been introduced to treat natural gas for condensing and separating water and hydrocarbon [1] [2] [3] [4] . Supersonic separators are smaller, lighter, cheaper and with fewer emission than conventional dehydration plants [5] [6] [7] . In addition, supersonic velocity have short residence time of gas-liquids mixture preventing hydrate problems and eliminate the needs for chemical and associated regeneration system [7] [8] [9] [10] .
There are several numerical method have been used to establish correlation between parts design and their performance. Anahid Karimi et. al [11] predict the behaviour of high pressure natural gas flowing through supersonic nozzles. Standard k-ε turbulence model is used and result with different parameters such as inlet temperature, inlet pressure and flow rate are discussed. Chuang Wen et. al [12] investigates flow using RNG k-ε turbulence model. The analysis successfully predicts the shock wave location according to the fluid's behavior. Chuang Wen et. al [13] studied the effects of swirls on natural gas flow in supersonic separators. Natural gas flow were computational simulated with the Reynolds Stress model (RSM). Chuang Wen et. al [14] analyzed the gas dynamics parameters of natural gas flows in the supersonic separators. Simulation is done based on the standard k-ε flow model. Inlet pressures on natural gas characteristics were computationally simulated with ideal gas and Redlich-Kwong equation of states (EoS).
Currently, leading technologies in the supersonic separation are Shell (Twister) and TransLang Technologies Ltd (3S). However, their technologies are only applicable to the topside facilities [4] . There are few information available regarding this method applied to the gas transmission pipeline. There are several conventional separators currently used for wet gas separation for gas transmission pipeline which include drip separator, slug catcher and T-Junction separator.
Literature Review

Conventional Separators for Gas Transmission Pipeline.
Drip separator is one of the common separators used in the gas transmission pipeline. There are four types of drip separator which are standard drip, modified standard drip, innopipe separator and innopipe piggable drip (IPD) [15] . Drip separator works based on the principle of gravitational separation. At the inlet, the mixture stream is separated into two streams. Primary flow continues to the main pipeline while the secondary flow of gas containing the free water is sent into the annular chamber. The annular chamber drips down free water subsequently directed to collection reservoir. Alboudwarej et.al [15] conducted an experiment to test four drip separators type and one slug catcher. The result shows that Innopipe Piggable Drip (IPD) is the best for all four drip separators. Meanwhile, slug catcher has the best separation efficiency compared to all the four drip separators. The specific function of a slug catcher is the separation of the gas and liquid phases as well as the temporary storage of the liquid. With regards to T-junction separators, they are able to undergo phase separation depending on phase momentum principles. It creates two different phases-rich streams, one is rich in gas the other rich in liquid. For the past ten years, studies had shown that gas separation efficiencies of 85% can be obtained. However, different junction configurations are dependent on the inlet flow regime [16] . Supersonic separators however, are able to produce two separate streams of gas and free water respectively. Supersonic separator configuration can be divided into four major components. The first component is the swirl generator where the working mechanism are usually cyclones, static vanes and moving blades.The second component is the gas expansion where the working mechanism can be throttles, orifices or nozzles. The third is the water collector. The working mechanism can be evacuation slits, permeable walls and rotary drums. The last component of the separator is the diffuser where the working mechanism can be in the range of static vanes, diffuser with membranes and diffuser in various shapes.
Supersonic Separators Components.
Numerical Simulation
Computational Fluid Dynamics software has been used extensively to solve many problems using simulation method. Numerical simulation of the supersonic subsea compact wet gas separators takes the mass, momentum and energy equation as describes in equations (1) to (3).
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Where ρ, u, p are the gas density, velocity, and pressure, respectively. τ ij is the viscous stress, δ ij is the Kronecker delta, E is the total energy, q j is the heat flux, t is the time [17] . The Redlich-Kwong equation of state (EoS) can be described as: (4) The constants of a and b are different depending on which gas is being analyze and it can be calculated from the critical point data of the gas: ,
T c and p c are the temperature and pressure at the critical point respectively. Fig. 2 shows the research methodology flowchart. The geometry meshed was developed using program controlled proximity and curvature and 3402896 elements were generated with orthogonal quality of 0.87 (which is in the good range of quality). The inlet pressure is taken at 5000kPa with the inlet temperature of 300K. The process fluid is specified as methane gas.The k-ε turbulence model is selected because it is known to be working well in confined flows [14] . The mathematical model adopted k-ε turbulence model, second order upwind scheme while numeration coupling of velocity field and stress is based on SIMPLE. SIMPLE stands for Semi-Implicit Method for Pressure-Link Equation.
Methodology
The convergence criterion is set 10 -6 for the energy equation and 10 -3 for all other equations. The solution algorithm used in supersonic subsea compact wet gas separators is compared with Arina's [18] work. The geometry used in the investigation is shown in Fig. 3 .
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Machine Design and Manufacturing Engineering III Fig. 3 : Arina's nozzle geometry [18] .
Arina uses air as working fluid. The initial boundary condition for the inlet total temperature and pressure were 288 K and 1bar, respectively. The exit gage pressure is assigned at 83049 Pa. The Redlich-Kwong equation of states is employed to predict the dynamics parameter of gas fluids in this study. The results is compared with the fluid dynamics characteristics of Arina's work. Numerical result shows that same fluid behavior is predicted as recorded by Arina. It is therefore concluded that solution algorithm is true.
Results and Discussion
The results are shown in Fig.4 to 6. Fig. 4 shows the temperature contours with the separators numerical model. Temperature maximum is at 299K and the lowest temperature is at 266K. The temperature difference is 33K. The 266K or -7°C of temperature will cause free water to solidify which would then help in improving separation performance. Fig. 5 shows the velocity graph versus location in the supersonic separators. The result shows that the maximum velocity is at 348.7m/s. It is a good result where the velocity have fulfilled the supersonic conditon, i.e Mach no of 1.0256. Fig. 6 shows the pressure graph. The pressure profile shows the pressure drop from its intial value at 5000kPa and then become stable at the final pressure of 3000kPa.The lowest pressure drop is at 2560kPa. The pressure drop is common in any supersonic flows where the velocity is required at the expense of the pressure drop however it is still within a reasonable limit of the design. If there is a requirement for higher pressure, an alternative system can be installed to increase the pressure. 
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As a conclusion, the proposed supersonic separator design has indicated the desired flow performances. Thus, enabling the next phase of the design work which includes the detail design and rapid prototyping model development.
